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ABSTRACT

Background The use ofbevacizumab in the management of glioblastoma multiforme (GBm) remains controversial.
In Canada, bevacizumab is approved for the treatment of recurrent BM. We describe a pattern of progression across
treatment lines in GBM.

Methods During2008-2014, 64 patients diagnosed with GBm were treated with bevacizumab at McGill University
hospitals. Of those patients, 30 (46.9%) received bevacizumab in the first line (B1L), and 34 (53.1%) received it in the
second line and beyond (B2L+). The average length of treatment with bevacizumab was 24.4 weeks (range: 0-232.7
weeks). The patterns of progression were categorized as local, distant, diffuse, multifocal, or multi-pattern.

Results Local progression was seen in 46.7% of B1L patients and 26.5% of B2L+ patients, distantin 3.3% and 2.9%,
diffuse in 20% and 47%, multifocal in 10% and 8.8%, and multi-pattern in 3.3% and 11.8%. No differences between
the groups were observed for the distant (p = 0.3) or diffuse (p = 0.4) patterns. Grades 3 and 4 adverse events in the
B1L and B2L+ groups were fatigue (33.3% vs. 17.6% respectively), hypertension (26.7% vs. 5.9%), thrombocytopenia
(26.7% vs. 11.8%), neutropenia (26.7% vs. 11.8%), anemia (23.3% vs. 11.8%), leucopenia (20% vs. 8.8%), deep vein
thrombosis (23.3% vs. 5.9%), seizure (16.7% vs. 8.8%), brain hemorrhage (6.7% vs. <1%), and delayed wound healing
(6.7% vs. 2.9%). More total grades 3 and 4 adverse events occurred in the BI1L group (p = 0.000519).

Conclusions In our cohort, patterns of progression were not different in B1L and B2L+ patients. Moreover, both
groups experienced similar adverse events, although more grades 3 and 4 events occurred in the B1L group, implying
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that severe adverse events in B1L patients could negatively affect survival outcomes.
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INTRODUCTION

Despite extensive research into glioblastoma multiforme
(GBM), outcomes remain poor, with 5-year survival being
3% and median overall survival (0s) being 14-16 months!->.
About 90% of patients will experience recurrence at the
original location of the tumour*®. Median os after pro-
gression is short, in the range of 3-9 months”8. Treatment
options in the recurrent setting are limited and include
surgery, re-irradiation, and systemic treatment®10,

Theresults of several studies demonstrated the clinical
value of bevacizumab, an anti-vascular endothelial growth
factor Amolecule, in the treatment of recurrent GBwM, either
as monotherapy orin combination with a chemotherapeu-
tic agent!!'—leading to approvals from the U.S. Food and
Drug Administration and Health Canada.

Two large phase 111 studies evaluated the effect of
bevacizumab addition to radiotherapy and temozolo-
mide in the first-line setting, with conflicting results.
The Radiation Therapy Oncology Group 0825 study*
showed no survival advantage (15.7 months for the
bevacizumab arm compared with 16.1 months for the
placebo arm) and a trend of superior progression-free
survival in the bevacizumab arm (10.7 months vs. 7.3
months)*. Contradicting the Radiation Therapy Oncology
Group study, the avaglio (BO21990) phase 111 registration
study showed numerically similar results for os at 16.8
months and 16.7 months for bevacizumab and placebo
respectively (p = 0.049)'?, with a significantly longer
progression-free survival (10.6 months vs. 6.2 months)
and improvement in quality of life and prolonged
Karnofsky performance status!?13,

Correspondence to: Petr Kavan, 3755 Cote-Ste-Catherine, Montreal, Quebec H3T 1E2.

E-mail: petr.kavan@mcgill.ca W DOI: http://dx.doi.org/10.3747/c0.23.3108

e468

Current Oncology, Vol. 23, No. 5, October 2016 © 2016 Multimed Inc.



Given that the role and optimal use of bevacizumab
in a GBM setting remains unclear in North America, use
of bevacizumab is approved only for recurrent disease.
Subsequent studies have explored the reasons for that
lack of clarity. Two contributing hypotheses suggest that
bevacizumab promotes a distant and diffuse pattern of
progression as a resistance mechanism and that adverse
events (AEs) are related to the use of bevacizumab. In the
present study, we therefore set out to describe and compare
the patterns of progression and the AEs associated with
bevacizumab in both newly diagnosed and recurrent GBm.

METHODS

Patients diagnosed with GBMm (primary or secondary) who
started treatment with bevacizumab in combination with
chemotherapy between 2008 and 2014 were identified
from daily practice in participating McGill University
Hospitals. The choice of the bevacizumab dose and the
concomitant chemotherapeutic agent or agents was at
the discretion of the treating oncologist. Bevacizumab
was administered according to Canadian prescribing
information after bevacizumab approval in Canada.
Available patient data were collected from the time of
initial diagnosis to the time of chart review, including
relevant medical history (type 2 diabetes, coronary artery
disease, hypertension), GBMm stage, details of chemother-
apeutic regimens used concurrently with bevacizumab,
duration of therapy, and line of therapy.

The endpoints of the analysis were patterns of progres-
sion and safety. Patterns of progression seen on magnetic
resonance imaging or computed tomography were defined
as follows: local progression (recurrence of tumour at the
original site of surgery and radiation, originally seen on
first imaging results), distant progression (a new area of
enhancement or lesion distant from the original tumour
site), diffuse recurrence (infiltrative pattern with increased
areas of spread involving another area), and multifocal
recurrence (multiple separate and unconnected foci). The
grading of toxicities was based on safety guidelines per the
Common Terminology Criteria for Adverse Events, version 4.0.

Statistical Analysis

Overall survival was defined as the date of diagnosis to
the date of death. Survival on one line of treatment using
bevacizumab was defined as extending from the date of
diagnosis to the last date of bevacizumab administration
for the given line of therapy.

Statistical analysis was performed using the Stata
software application (version 10: StataCorp LP, College
Station, TX, U.S.A.); survival analyses used the Kaplan-
Meier method.

RESULTS

Patient Characteristics

During 2008-2014, 64 patients diagnosed with histologi-
cally confirmed GBM [40 men (62.5%), 24 women (37.5%)]
were treated with bevacizumab at McGill University
hospitals (Table 1). Median age in the cohort was 54
years (range: 26-83 years). In 49 patients (76.6%), the
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diagnosis was primary GBM; in 15 patients (23.4%), it was
secondary 6BM. Karnofsky performance status was 70 in
56 patients (87.6%) and less than 70 in 7 patients (10.9%).
The O-6-methylguanine-pNa methyltransferase promoter
was found to be methylated in 10 patients (15.6%) and
unmethylated in 14 patients (21.9%); methylation status
was unknown for the remaining 40 patients (62.5%).

Bevacizumab was given to 30 patients (46.9%) in the
first line and to 34 patients (53.1%) in the second line and
beyond. The average duration of treatment with bevaci-
zumab was 24.36 weeks overall (range: 0-232.7 weeks). In
first-line treatment, average duration was 36.57 weeks; in
the second line and greater, it was 14.21 weeks. The overall
average number of chemotherapy lines per patient was 2
(range: 0—4; Table 11). Bevacizumab was used mostly in
combination with radiation and a temozolomide regimen
(n=19,29.7%). After progression on bevacizumab, patients
received chemotherapy agents including temozolomide
only (n = 4), temozolomide plus procarbazine (n = 6), and
lomustine (n = 3).

Patterns of Progression

Patterns of progression were determined by retrospective
chartreview and were categorized aslocal, distant, diffuse,
multifocal, or multi-pattern. Patterns of progression in the
B1L and B2L+ groups were, respectively, localin 14 (46.7%)
and 9 (26.5%), distant in 1 (3.3%) and 1 (2.9%), diffuse in
6 (20%) and 16 (47%), multifocal in 3 (10%) and 3 (8.8%),
and multi-pattern 1 (3.3%) and 4 (11.8%). No difference
between the groups was observed for distant (p = 0.3) or
diffuse progression (p = 0.4, Table 111).

TABLE I Characteristics of the study population

Characteristic Value

Patients (n) 64
Bevacizumab [n (%)]

First line 30 (46.9

Second or subsequent line 34 (53.1)
Sex [n (%)]

Men 40 (62.5)

Women 24 (37.5
Age at diagnosis (years)

Median 54

Range 26-83
GBM histopathology [n (%)]

Primary 49 (76.6)

Secondary 15 (23.4
MGMT promoter status [n (%)]

Methylated 10 (15.6)

Unmethylated 14 (21.9)

Unknown 40 (62.5)
Karnofsky PS [n (%)]

Good (>70 to 100) 56 (87.5)

Poor (<70) 7 (10.9)

Unknown 1(1.6)

GBM = glioblastoma multiforme; MGMT = O-6-methylguanine-DNA
methyltransferase; PS = performance status.
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Safety

Grades 3 and 4 aAesin the BILand B2L+ groups were, respec-
tively, fatigue in 10 (33.3%) and 6 (17.6%), hypertensionin 8
(26.7%) and 2 (5.9%), thrombocytopeniain 8 (26.7%) and 4
(11.8%), neutropeniain 8 (26.7%) and 4 (11.8%), anemia in
7(23.3%) and 4 (11.8%), leucopeniain 6 (20%) and 3 (8.8%),
deep vein thrombosisin 7 (23.3%) and 2 (5.9%), seizures in
5 (16.7%) and 3 (8.8%), brain hemorrhage in 2 (6.7%) and

Efficacy

Median os for the entire group of patients was 22 months
[95% confidence interval (c1): 15.0 to 27.0 months; Fig-
ure 1(A)]. Survival time for B1L patients was 13 months
[95% c1: 10.0 to 26.0 months; Figure 1(B)]; for B2L+ patients,
it was 7 months [95% c1: 5.0 to 9.0 months; Figure 1(C)].

<1%, and delayed wound healing in 2 (6.7%) and 1 (2.9%). 100
More total grades 3 and 4 Ags occurred in the B1L group 90 I Overall Survival: 7 months
(p=0.000519, Table 1v). » 95% CI: 5 to 9 months
£ 80 Number Censored: 4
3 b
. . 8 70f
TABLE Il Duration of bevacizumab treatment o
a 60
Variable Value B 50
o
Treatment duration (weeks) E 40 [
Overall § 30 i
Average 24.36 R 20
Range 0to232.71 -
o 10 1
First-line - ~ - - - - - - -
Average 36.57 0 5 10 15 20 25 30 35 40
Range <1t0232.7 (A) i)
Second-line+ 100 |-
Average 1421 2 Overall Survival: 13 months
L SEGo(ES 5 80 - 95% CI: 10.0 to 26.0
Lines of treatment per person (n) é Number Censored: 17
Average 2 v
Range Oto4 ° 60 -
E
E 40
TABLE Il Pattern of progression E
Pattern of Treatment group [n (%)] p 5 20 -
progression First line Second line+ LT
Local 14 (46.7) 9 (26.5) 0k )\ 1 1 L 1 1 1
Distant 13.3) 1.9 0.3 0 10 20 30 40 S50 60 70
Diffuse 6 (20) 16 (47) 0.4 (B) Time (months)
Multifocal 3 (10) 3(8.8)
Local and distant 13.3) 4(11.8) 100
g’ Overall Survival: 22 months
4 80 959% CI: 15 to 27 months
TABLE IV Adverse events during bevacizumab treatment in new and § ks Dt
recurrent glioblastoma multiforme z 60 |-
o
Grades 3 and 4 Treatment group [n (%)] .
adverse events = 40 1
First line Second line+ <
Deep vein thrombosis 7 (23.3) 2 (5.9) § 20 |-
Hypertension 8 (26.7) 2 (5.9
Anemia 7 (23.3) 4(11.8) ok |
Thrombocytopenia 8 (26.7) 4(11.8) (‘) 2‘0 4'0 610 810 : (') 0
Leucopenia 6 (20) 3(8.8) (C) im0 (Rionthe)
Neutropenia 8 (26.7) 4(11.8)
; FIGURE 1 Kaplan—Meier curves for overall survival in patients treated
Fatigue 10 (33.3) 6(17.6) p P
Wound healing complications 26.7) 1(2.9) with bevacizumab. (A) Total overall survival duration. (B) Survival dura-
Brain h h ) '7 ]. tion with first-line bevacizumab. (C) Survival duration with second- and
rain hemorrhage 6.7) (<1) subsequent-line bevacizumab. CI = confidence interval.
Seizures 5(16.7) 3(8.8)
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DISCUSSION

The recent phase 111 studies Radiation Therapy Oncology
Group 0825 and avaglio showed mixed survival results
when bevacizumab was added to first-line GBm treatment.
In North America, the use of bevacizumab is therefore
approved only for recurrent disease. Subsequent studies
explored the reasons for the failure to improve survival. In
the present study, we set out to describe and compare pat-
terns of progression and AEs associated with bevacizumab
in both newly diagnosed and recurrent gem. The analysis
showed that severe Ags in the B1L group could be a factor in
the failure of that treatment.

Our results showed that although patterns of pro-
gression were not different in the B1L and B2L+ groups,
progression was more often diffuse than local. That result
suggests that the benefit from early exposure to bevacizumab
is uncertain.

Safety results obtained in the analysis showed similar
Agesinthe BL1 and BL2+ groups, with the AEs being manage-
ableandreversible clinically and, inrecurrent GBm settings,
being comparable to events occurring in the registration
trials. However, more grades 3 and 4 AEs occurred in the B1L
group, supporting the use ofbevacizumab in the B2L+ group.
Some of the AEs occurring in the BIL group, such as deep-
vein thrombosis, could potentially affect clinical outcomes.

We did not observe an os advantage associated with the
first-line use of bevacizumab in patients with Gem. In fact, me-
dian os achieved in the B1L group was 13 months (95% cr: 10.0
to26.0 months); in the B2L+ group, itwas 7 months (95% cr: 3.2
to8.0months). Ourresults suggest that the use of bevacizumab
in a second-line setting accords with the registration data for
recurrent GBM'#-?2 and should remain the current standard.

To confirm the reason for the failure of bevacizumab
in the first line, our results have to be tested in a greater
number of GBM patients.

CONFLICT OF INTEREST DISCLOSURES
We have read and understood Current Oncology’s policy on dis-
closing conflicts of interest, and we declare that we have none.

AUTHOR AFFILIATIONS

*Segal Cancer Centre, Jewish General Hospital, McGill
University, TRadiation Oncology, Jewish General Hospital,
Department of Oncology, McGill University Health Centre,
SNeurosurgery, Montreal Neurological Institute, IPathology,
McGill University Health Centre, and #Clinical Research,
McGill University Health Centre, Montreal, QC.

REFERENCES

1. Louis DN, Ohgaki H, Wiestler OD, et al. The 2007 wHo clas-
sification of tumours of the central nervous system. Acta
Neuropathol 2007;114:97-109.

2. OmuroA, DeAngelis LM. Glioblastoma and other malignant
gliomas: a clinical review. JAMA 2013;310:1842-50.

3. Stupp R, Mason WP, van den Bent MJ, ef al. on behalf of the
European Organisation for Research and Treatment of Cancer
Brain Tumor and Radiotherapy Groups and the ncic Clinical
Trials Group. Radiotherapy plus concomitant and adjuvant
temozolomide for glioblastoma. N EnglJ Med 2005;352:987-96.

4. Gilbert MR, Dignam J, Won M, et al. RToG 0825: phase 111
double-blind placebo-controlled trial evaluating bevacizum-
ab (Bev) in patients (Pts) with newly diagnosed glioblastoma

USE OF BEVACIZUMAB IN THE TREATMENT OF GBM, Mamo et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

(GBM) [abstract 1]. J Clin Oncol 2013;31:. [Available online at:
http://meetinglibrary.asco.org/content/111571-132; cited
17 July 2016]

Chinot OL, WickW, Mason W, et al. Bevacizumab plus radio-
therapy-temozolomide for newly diagnosed glioblastoma. N
Engl] Med 2014;370:709-22.

ChoucairAK, Levin VA, Gutin PH, et al. Development of mul-
tiple lesions during radiation therapy and chemotherapy in
patients with gliomas. J Neurosurg 1986;65:654-8.

Ballman KV, Buckner JC, Brown PD, et al. The relationship
between six-month progression-free survival and 12-month
overall survival end points for phase 11 trials in patients with
glioblastoma multiforme. Neuro Oncol 2007;9:29-38.
Lamborn KR, Yung WK, Chang SM, et al. on behalf of the
North American Brain Tumor Consortium. Progression-free
survival: an important end point in evaluating therapy for
recurrent high-grade gliomas. Neuro Oncol 2008;10:162-70.
Weller M, Cloughesy T, Perry JR, Wick W. Standards of care
for treatment of recurrent glioblastoma—are we there yet?
Neuro Oncol 2013;15:4-27.

Gutenberg A, Bock HC, Briick W, ef al. MGMT promoter meth-
ylation status and prognosis of patients with primary or
recurrent glioblastoma treated with carmustine wafers. BrJ
Neurosurg 2013;27:772-8.

Cohen MH, Shen YL, Keegan P, Pazdur R. Fpa drug approval
summary: bevacizumab (Avastin) as treatment of recurrent
glioblastoma multiforme. Oncologist 2009;14:1131-8.
Friedman HS, Prados MD, Wen PY, et al. Bevacizumab alone
and in combination with irinotecan in recurrent glioblasto-
ma. J Clin Oncol 2009;27:733-40.

Hamza MA, Mandel JJ, Conrad CA, et al. Survival outcome
of early versus delayed bevacizumab treatment in patients
with recurrent glioblastoma [abstract 2042]. J Clin Oncol
2013;31:. [Available online at: http://meetinglibrary.asco.
org/content/112018-132; cited 16 July 2016]

Ellingson BM, Kim HJ, Woodworth DC, et al. Recurrent GBM
treated with bevacizumab: contrast-enhanced T1-weighted sub-
traction maps improve tumor delineation and aid prediction of
survivalinamulticenter clinical trial. Radiology2014;271:200-10
Kreisl TN, Kim L, Moore K, et al. Phase 11 trial of single-agent
bevacizumab followed by bevacizumab plusirinotecan at tumor
progressioninrecurrentglioblastoma. J Clin Oncol2009;27:740-5.
Bennounal], SastreJ, Arnold D, et al. on behalf of the ML18147
Studyinvestigators. Continuation of bevacizumab after first
progression in metastatic colorectal cancer (ML18147): a
randomised phase 3 trial. Lancet Oncol 2013;14:29-37.
Stark-Vance V. Bevacizumab and CPT-11in the treatment of re-
lapsed malignant glioma [abstract 342]. Neuro Oncol2005;7:369.
Vredenburgh]J1, Desjardins A, HerndonJE 2nd, et al. Phase 11
trial of bevacizumab and irinotecan in recurrent malignant
glioma. Clin Cancer Res 2007;13:1253-9.

Norden AD, Young GS, Setayesh K, et al. Bevacizumab for
recurrent malignant gliomas: efficacy, toxicity, and patterns
of recurrence. Neurology 2008;70:779-87.

VredenburghJJ, Desjardins A, Herndon JE 2nd, et al. Bevaci-
zumab plusirinotecaninrecurrent glioblastoma multiforme.
J Clin Oncol 2007;25:4722-9.

Gilbert MR, Wang M, Aldape K, et al. RToG 0625: a phase 11
study of bevacizumab with irinotecan inrecurrent glioblas-
toma (GBM) [abstract 2011]. J Clin Oncol 2009;27:. [Available
online at: http://meetinglibrary.asco.org/content/32178-65;
cited 17 July 2016]

Raizer]], Grimm S, RiceL, etal. Aphase 11 trial of single-agent
bevacizumab given every 3 weeks for recurrent malignant
gliomas [abstract 2044]. J Clin Oncol 2009;27:. [Available
online at: http://meetinglibrary.asco.org/content/33655-65;
cited 17 July 2016]

Current Oncology, Vol. 23, No. 5, October 2016 © 2016 Multimed Inc.

e471


http://meetinglibrary.asco.org/content/111571-132
http://meetinglibrary.asco.org/content/112018-132
http://meetinglibrary.asco.org/content/112018-132
http://meetinglibrary.asco.org/content/32178-65
http://meetinglibrary.asco.org/content/33655-65

